Coagulation-Flocculation plays a significant role in drinking water treatment. Laboratory experiments were carried out in order to assess the effectiveness of using Conocarpus Leaves Solution (CLS) as a natural coagulant in conjunction with the synthetic chemical represented by Alum in the water purification. Biological test was carried out to confirm that these leaves are not toxic, followed by optimizing the dosage of alum and then Alum and CLS were applied to the turbid water whose turbidity level has two ranges, (20 -35) NTU and (90 -120) NTU, using the JAR Test. The parameters determined before and after coagulation were turbidity, pH and temperature. The experiments showed that the optimum dose of alum coagulant (individually) for high turbid water is about 18 mg/l with PH = 7 and 24 mg/l f with PH = 5 and 9. In addition, for the low turbidity water, the optimum dose of alum was lower than in the high turbid water. In terms of using Alum in conjunction with CLS, at high range of turbidity, the results show that at 33% ratio of leaves solution to alum coagulant, there are 50% and 75% turbidity reduction performed for the PH equal to 5 and 9 respectively. Although about 62% and 65% turbidity reduction were achieved at PH = 7 and PH = 9 in the low range level. However, low reduction in turbidity has occurred when the water PH = 5. The amount of leaves solution added to the water in the water treatment plant is highly important, hence it decreases the amount of using the synthetic chemicals by about 33% of the quantity that required for water treatment and that will help both, the water industry and the human health. More studies need to be achieved in particular different concentration of the Conocarpus leaves solution in order to improve the percentage of using the natural material as a coagulant.
Introduction
Water is surely one of the main elements that are involved in the human development considering its influence on human lives. Potable water production from the raw water sources usually involves the use of a coagulation /flocculation stage in order to eliminate turbidity in the form of suspended and colloidal material. Coagulation-Flocculation followed by sedimentation, Filtration and disinfection, often by chlorine, is used worldwide in the water treatment industry before the distribution of treated water to consumers. Coagulation-Flocculation processes play an important role in water treatment by reducing turbidity, organic compounds, bacteria, color, algae, and consequently clay particles for the surface waters.
Although there are new techniques for water and wastewater treatment, however, coagulation/flocculation step is an essential process in the treatment of surface water at which includes removal of turbidity from water, the use of natural coagulants, aiming at a better quality of treated water by reducing the use of chemicals [1] .
One of the important aesthetic properties of potable water is turbidity, and it is also a very useful indicator for drinking water quality. Clogging filters or impair disinfection process could occur due to the occurrence of suspended particles, and that leads to increase the risk of waterborne diseases [2] .
Many flocculants and coagulants are commonly used in conventional water treatment processes. These materials can be classified into inorganic coagulants such as (aluminum and ferric salts) and synthetic organic polymers (such as polyacrylamide derivatives and polyethyleneimine) and all of these chemicals are very efficient at turbidity removal from water [3] .
The high sensitivity of inorganic coagulants to the water pH and the possibility of secondary contamination of drinking water with traces of toxic synthetic polymeric coagulants or residual iron and aluminum ions are the main challenges of flocculationcoagulation water treatment processes. In addition, many researchers have related Alzheimer's disease to the residual aluminum ions in the treated waters [4] . Moreover, the sludge formed in water treatment plants during flocculation-coagulation with synthetic polymers has a limited potential for recycling because of the non-biodegradability of synthetic polymers [5] .
For many centuries in developing countries, natural polyelectrolytes of plant origin have been used for clarifying turbid water [6] [7] , such as in India, for 4000 years the Strychnos potatoru was used for water treatment purposes. Moreover, in Egypt and Sudan, almonds soaked bean was used as a coagulant to enhance the water quality in the sixteenth century [8] [9] . Therefore, this study aims to experimentally investigate the effectiveness of using Conocarpus leaves solution (CLS) as an alternative natural material that can be used as a coagulant in order to reduce the quantity of synthetic chemicals.
Material and Method
The methodology includes firstly the examination of the toxicity of the selected leave.
In addition to that, the preparation procedure of leaves powder, Alum dose, and turbid water will be also explained in this section.
Biological Activity Test
The materials used to determine whether the leaves are toxic or not are: Agar-agar (from Difco), nutrition Agar (Sigma Aldrich), Petri dish, Paper taper, Conocarpus leaves, and the bacterial samples (Salmonella typhimurium).
The method for testing the leaves to determine whether are toxic or not are include the following steps: 1) Preparation the nutrient Agar and Agar for cultured the bacteria. 
Preparation of Leaves Solution
The procedure for preparing the Conocarpus leaves powder includes the following steps: firstly, green leaves ( Figure 2 ) were collected from Conocarpus trees and washed with distil water, then left to get dry naturally to a brown colour. The leaves were then ground to fine powder using a kitchen blender, and collect the powder that pass through sieve No.200 as shown in Figure 2 . Finally, powder was mixed with water to achieve solubilisation and then filtered with filter paper (Whatman # 540) so that the filtered solution can be used in combination with Alum solution as a coagulant with a concentration of 10 mg/l.
Preparation of Alum
About 5 g of alum (Al 2 (SO 4 ) 3 •12H 2 O) were added to one litre of water, the solution was mixed at 300 rpm for 1 minute and left for 24 hours in order to have the alum coagulant.
Preparation of Turbid Water
A 30 g of clay were added to one liter of water and then the suspension mixed at (300 rpm) for 60 minutes to achieve a uniform dispersion of clay particles. In order to complete the hydration of clay materials, it was allowed to the suspension to settle for about 24 hours.
To achieve the desired turbidity just before coagulation, two sets of turbid water were prepared, about 300 ml of the suspension of synthetic turbid water was added to about (700 ml) of water to perform the high turbidity water (90 -120) NTU, while only 100 ml of the suspension of synthetic turbid water was added to about (900 ml) of water to perform the low turbidity water (20 -35) NTU.
It is important to mention that fresh solutions were prepared daily in order to prevent any ageing effects (like variation in pH, and coagulation activity) and solutions were vigorously shaken before use. It is also important to mention that the initial PH for the water sample was adjusted with either (HCL) or (NaOH) for the three cases of study of PH = 5, 7 and 9 before the coagulation.
Jar Test Operations
One of the most commonly used experimental methods for coagulation-flocculation is Jar
Test. An ordinary jar test apparatus was used in the experiments to coagulate sample of synthetic turbid water using some coagulants as illustrated in Figure 3 , which is consists of six beakers together with six-spindle steel paddles. Samples were mixed homogenously before the jar test starts operating. A range of coagulants concentrations were added in the beakers. The whole procedures in the jar test were conducted in rotating speed since operated initially at 45 rpm for 30 seconds, followed by adding the coagulants dose, then operation the jar test at 125 rpm for 1 minute followed at 40 rpm for 45 minutes. Turbidity was measured initially and at the end of the running Jar test using the turbid meter (Lovibond TB 300 IR). All tests were achieved at an ambient temperature in the range of 25˚C -35˚C and for different turbid ranges (high (90 -120) NTU, and low (20 -35) NTU).
Results and Discussion
After the biological test confirm that Conocarpus leaves are not toxic. Therefore, two stages of running the jar test were applied, the first one is by determining the optimum dose for the amount of alum coagulant that are required to achieve the best turbidity reduction for the synthetic turbid water, and the second stage represented by mixing the Conocarpus leaves solution (CLS) with the alum (in conjunction) to determine the effectiveness of Conocarpus solution effect of the turbidity removal.
Reduction of Turbidity Using Alum Only
In order to find the optimum dose for the synthetic water, jar test operations using Alum coagulant were carried out twice (sample A and sample B) for the two different turbidity ranges which are they: high (90 -120) NTU and low (20 -35) NTU of synthetic turbid water.
For High Turbidity Range
The results of the percentage of the turbidity reduction in the high range level of turbidity (90 -120) NTU are shown in Table 1 It appears from Table 1 that the optimum dose which is suitable to perform a good reduction for turbidity for PH = 5 and PH = 9 is 24 mg/l for the high range of turbidity.
However, the optimum dose for producing a good reduction for the turbidity at PH = 7
is 18 mg/l for the range of turbidity.
For Low Turbidity Range
The results of the percentage of the turbidity reduction in the low range level of turbidity (20 -35) NTU are shown in Table 2 . It can be seen that the reduction of turbidity As illustrated in Table 2 , the optimum dose which is suitable to perform an optimum reduction for turbidity for PH = 5 and PH = 7 is 18 mg/l for the low range of turbidity.
However, the optimum dose for producing a reduction for the turbidity at PH = 9 is 24 mg/l for the range of turbidity.
Reduction of Turbidity Using Alum and Conocarpus
Leaves Solution (CLS)
For High Turbidity Range
The results of the percentage of the turbidity reduction in the high range level of turbidity (90 -120) NTU using Conocarpus leaves solution and Alum are shown in Table   3 . Conocarpus leaves solution could produce an average reduction of turbidity of about 50% when PH = 5, and around 75% when PH = 9 as shown in Figure 3 and Figure 5 .
While the reduction that has occurred at PH = 7 did not exceed 4% as shown in Figure   4 .
For Low Turbidity Range
The results of the turbidity in the low range level of turbidity (20 -35) NTU using
Conocarpus leaves solution and Alum are shown in Table 4 . It can be seen from Figures 7-9 that although there are initial differences in the turbidity for each sample. However, both samples in each group of PH have the same trend and behavior. In addition to that, it can be noted that about 33% percentage of mixing the alum with the Conocarpus leaves solution could produce an average reduction of turbidity of about 62% when PH = 7, and around 65% when PH = 9 as shown in Figure 8 and Figure 9 . While the reduction that has occurred at PH = 5 did not exceed 21% as shown in Figure 7 .
The organic load in water might be increased by using of natural coagulants, and could increase the microbial activity [11] [12] . Consequently, additional chlorine in the water treatment plant could be consumed by these organic matters and during the disinfection process could act as a precursor of toxic byproducts. Therefore, it would be important to study the behavior of dissolved organic carbon in the treated water to investigate the concentration of DOC with the turbidity removal.
In general, the Conocarpus leaves solution (CLS) has efficiency in removal of turbidity of water, and can reduce the quantity of metal coagulants and that will reflect economically. Although CLS has not proved that can be affected with the temperature. However, there is a possibility of correlation with the that PH value. Thus, natural sources can generate value-added products, to represent a new source of income. However, with all anticipated benefits especially with water treatment, natural coagulant should be undergoing to tests where certifying its biodegradability, non-toxicity, and viability. Furthermore, it is important to mention that the turbidity obtained within these percentage of mixing (33%) of leaves solution with Alum are satisfied with the Iraqi National Standards for drinking water quality.
Conclusions
There are different kinds of compounds in the surface water and therefore drinking water should be free from these compounds. Coagulation followed by flocculation is a necessary part of drinking water treatment process. Chemical coagulants are added to water to enhance bonding among particulates to improve the removal particulate, colloidal and dissolved substances. Local natural coagulants are used (Conocarpus Leaves solution) and significant improvement in removing turbidity from synthetic turbid water was found. The results obtained from this study are:
1) It shows that the optimum dose of alum only is about 18 mg/l and 24 mg/l for different types of PH.
2) For the low turbidity water, the optimum dose of alum was lower than in the high turbid water.
3) For using alum in conjunction with CLS, at high range of turbidity, the results show that 50% and 75% reduction perform when the leaves solution to alum ration is about 33% for the PH equal to 5 and 9 respectively. 4) Although about 62% and 65% turbidity reduction were achieved at PH = 7 and PH = 9 in the low range level. However, low reduction in turbidity had occurred when the water PH = 5.
5) According to these results, that means there is a providing of about 33% of the synthetic chemicals that are used as a coagulant and that is more safe for human, environment and economy.
